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Title: Replicons of Pestlviruses that do not express C and or E1 protein and 
infectious viral particles containing same, that can be used in vaccines. 

The present invention relates to replicons of Pestlviruses that do not express all 
5 structural proteins of the virus, infectious viral particles containing said replicons, a 

p^rtTdes ^ infeCtiOUS Vira ' PartlCteS and V8CClnes °° ntafnfn 9 saW ^ral 

Animals may be protected against pestiviruses by vaccination, however, conventional 
10 inacuvated or modified live vaccines have disadvantages concerning afety as we" 
as efficacy. Therefore, new types of vaccines should be developed 

r^JZ 8 TT f Vlded lnt ° *° d,fferent bi0types ' ^thogenic (cp) and non 
c^opathogenlc (ncp) viruses, respectively. Bovine vira. diarrhea virus (BVDV) a 

15 t PeSt,V,tVS WKhIn *• farni,y is the causative agent 

1ST". 9rrhea ' " eCOnomi ^ im P^ant disease of cattle world^de 

ZT^JTT? Tl y v,rus specles arc c,assica « 

Vitus (CSFV) and the ovine Border Disease Virus (BDV). Pestlviruses can induce 
severe diseases with marked economical losses world wide. The major econom" 
tosses caused by BVDV infections are reduced fertility, abortions and the generaZ 

1^ R vnv fe f ' C3iVeS ' WhlCh «" deve '°P ^ mucosal Disease". 9 " 
White cp BVDV .nduce apoptosis and cel. death and express nonstructural protein 3 
(NS3), .nocu ation with ncp BVDV leads to persistent Infection of cel. cuCsTnd 

stndXrV 8 T deteCteb,e - The P6StiVlrUS S9nome consists o a Z£ 
25 b P ° SltiVe ° rientation - The RN A has a length of approximate* 12 3 to 

1 1 9 endS ' 71,6 Pestlv,ra, ORF fe ^"^ted into one 

£S' T ' S C °" ^ ^^aliy processed Into 1 1 (ncp BVDV) or ^2 
(cp BVDV) mature proteins by vira. and ce..u.ar proteases. Pestivirus virions cons * 

30 t^VVSl^ ? Pf0tein ^ ^ enV6 ^ 
proteins it , E1 , E2). BVDV antibodies are directed against E ms E2 and N^n 

^ T T T 08 " 0 " * pesavl ~ SM been considerably facilitated by 
35 ZT, 9 7 fT™ 8 *• of **>™mously subgenomlc 

PesWrus genomes with deletions were tiret described as defective interfering 
partldea (Dl) for BVDV and CSFV (Kupfermann et aL. J.Virol.. 70. 8175-8^ 1993. 
Meyers etal., J.VI10I., 89. 3683-3689, 1995). 
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Since then many reports relating to the replication of pestiviruses have been 
published. Trans-complementation of structural proteins of viruses of the family 
FlavMrldae has been reported. 

Pestivirus self-replicating RNAs are important tools for an understanding of virus 
5 replication, assembly and egress. Trans-complementation of deleted parts of the 
genome can be used, for example, for the identification of trans-acting elements of a 
pestlvlral genome. 

The minimal requirements for CSFV replication were Investigated, for example, by 
creating defective CSFV genomes lacking the gene sequences for the structural 

1 0 proteins. It was found that the defective CSFV genomes still replicated and could be 
packaged into viral particles when Introduced In SK-6 cells together with helper 
A187-CAT RNA (Moser et al.. J.Virol., 7787-7794, 1999). An autonomously 
replicating defective BVDV genome which lacks the genes encoding C, E m \ E1 , E2. 
p7 and NS2 had been described (Behrens et al., J.Virol.. 72, 2364-2372, 1998). 

1 5 For the Kunjin virus (KUN) repiicons with deletions in the structural regions were 
packaged into virons using a system where BHK-21 cells were transfected by two 
consecutive electropoartions, first with the mutated KUN repiicons. and subsequently 
with a recombinant Semlike Forest Virus replicon expressing KUN structural proteins 
(Khromykh et al., J.Virol.. 72(7), 5967-5977, 1998). For CSFV it had been recognized 

20 that trans-complemented defective virions that contained E m deleted repiicons could 
potentially serve as a basis for vaccines. CSFV, E^-deleted repiicons were 
generated and frans-complemented using a swine kidney ceil line (SK6) 
constitutively expressing CSFV E^. The resulting virions were able to infect SK6 
cells without the production of infectious virus progeny and could be passaged on 

25 E^-expressing SK6 cells. Pigs were protected against lethal CSFV challenge after 
immunization with the complemented virions (Widjojoatmodjo et al., J.Virol., 74 
2973-2980,2000). 

So far, there are only few reports concerning frans-complementation of BVDV 
repiicons. Defects in the coding regions for non-structural proteins NS3, NSNS4a, 

30 NS4B and NS5B were found to be non complementabie, whereas defects in the 
NS5A unit could be complemented in trans (Grassmann et al., J.Virol., 75, 7791- 
7802, 2001). For a mutant BVDV wherein the genes encoding the core, E ms , E1 and 
E2 genes were replaced by the core, E1 and E2 genes of HCV, it was observed that 
the chimeric viral genome was packaged into virions containing the BVDV structural 

35 proteins contributed by a helper virus (Jae-Hwan Nam, J.Virol.meth.. 97, 1 13-123, 
2001 ). Trans-complementation of BVDV E2 and/or p7, using cell lines constitutively 
expressing BVDV E2 and/ or p7 for complementation have also been described 
(Harada etal., J.Virol., 74, 9498-9506, 2000). 
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The present Invention provides new Pestivlral RNA genomes (repllcons) that are able 
to replicate and can be packaged Into Infectious viral paLeT in ceto £ 
complement the missing proteln(s). but do not produce Infectious progeny vlmf 
Such replicons can be useful for vaccine pujposes 

5 

^though » was known In the art that all the genes encoding atmctura. proteins of a 
Pestlvurs can be deteted without affecting ability to ropUcate « al 

supra), such a mutant, missing al, stroctuta. proteins woukt not ba sZble ,or 

while on the other hand. It should of course not Invoice the (viral) disease in 
inoculated anlma. or contact animals. The Immune rosponse l^dTtTuat 
maMy ducted against the envelop proteins of ihe vfrus. But «f a ropTcon woTte 
used from which all the structural more particular, all the envelop pZT££ 

repllcon and no Immune response to these proteins would be obtained. 

The present inventors aimed at providing a replicon that would still encode most 
pnMHy all, envelop protein, of the vims, while, on the other hand, It Zld no^ 
20 capable of producing Infectious progeny virus. 

The present Invention provides a repllcon of a Pestlvlrus. preferably the Bovine VIrel 
Dlanhaa Vjrus <BVDV>.whfch expresses al, sfructore, prote,ns of BWV except tot 

<iO E1 orC protein has been deleted from said replioon. 

A replicon Is a self-ropllcatmg RNA molecule In this case the RNA molecule Is th. 
RNA genome of me BVD virus. RepHcons can be constructed from a f^l m t 

30 T BV ° ,OT — <* from a ^"9* BVDV cDNA clone^ike 

on?^ u?T 1 f 70:8608 ^". , 99B) . The BVDV RNA contains 

one ORF that ,s translated Into one polyprotein. which is processed Into rnaTre 
proteins by vM and ce«u,ar proteases. In constrootlng mutated replicone T K sCd 
be taken no. to introduce a frames!* within me BVDV ORF. Furthe^e wC 

35 N andtor C terminal amino adds may be retained to ensure proper post tra^teZLl 
Process,ng of the precursor ptrtypeptide (protease cleavage sis era reteS 

(m,t 6 ^u r 10 r e,n) of bvdv stra,n ncp7 ,s » S» 

(AA> 160-270. About 25 amino acids at the c terminus (AA245- 270) function as a 

40 anTor^T 09 '™* , °° a,! ° n * "* ^^polyprotein. end as a puteUve 

40 andhor of the capsk) protein. The signal sequence at the C terminus of the cCd 
protein ,s essentia, for a further processing of the polyprotein downstream. 



JLJ^UU UA Ii«UJ VlUk IUA *uu UUUtUI xi ijlxjju i jux xixxuux uui x , ^ u xviUHXll t|y l/JLU 



013 13.08.2002 15 



For the C protein a maximum of 32 AA should preferably be retained at the N 
terminus. 

The envelop protein E1 of BVDV strain NCP7 is encoded by amino acids 498 to 692. 
About 33 amino acids at the C terminus (AA 660 to 692) function as a signal 
5 sequence for the translocation of the E2 envelop protein, and as a putative anchor of 
the E1 envelope protein. 

However, other signal sequences or the analogous sequences of other pestlvirus 
species (e.g. CSFV) may be used instead of, for example, the BVDV sequence. 
For E1 mutants of BVDV no AA at the N terminus have any function as a signal 
10 sequence. 

For both E1 and C mutants several ways for construction of replicons are 
conceivable, that do not express the functional proteins. For example, such 
mutations may be created by partial deletions whereby the signal sequences are 
retained, or partial or complete deletions whereby the signal sequences are replaced 
15 by analogous signal sequences, or mutations where only base pair exchanges are 
made. 

The present inventors proved for the first time, that both C and E1 structural proteins 
are essential for the formation of infectious pestiviruses. Furthermore it was shown 

20 that deletion of C and E1 does not impact the ability of RNA self-replication. 

By using cell lines constitutively expressing Pestiviral structural proteins, Capsid- or 
E1 -proteins can be efficiently frans-complemented. The resulting virions are able to 
Infect target cells and to transfer the replicons without generating infectious 
replication-competent virus progeny. The complemented virions are indistinguishable 

25 from wild-type Pestivirus in virus neutralization experiments and can be completely 
neutralized by, for example In the case of BVDV, a BVDV-specific serum as well as 
by a BVDV E2-specific serum. Recombinations yielding infectious wild-type BVDV 
were not detected in any of the complementation experiments. 
The complemented viruses may be used for the safe and efficacious immunization 

30 against a Pestivirus, such as BVDV. 

Infection of cells and animals with the trans-complemented viruses results In 
replicating RNAs expressing all encoded proteins in the infected cells but which do 
not generate viral particles. 
35 Thus the complemented virions can be used for the immunization against an 
infection with a pestivirus, such as BVDV, and can protect vaccinated animals from 
Pestivirus-related disease. 

In a preferred embodiment a replicon according to the Invention does not encode a 
functional C protein. This can be achieved by deleting at least part of the coding 
40 sequence for the C protein. In case of BVDV, preferably the coding region encoding 
amino acid positions 201-243 of the C protein is deleted. 
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In another embodiment of the present invention the replicon does not encode a 

5 

It has been found that the C protein, which Is the capsld protein of the virus as well 
as the E1 protein, is essentia, for obtaining infectious virus. Mutants thaUaok tL 
coding sequence for the C or the E1 protein are thus not infectious The „f 
mutants that do not encode a capsid or E1 protein, hut do encode alt^loT 
1 0 proteins responsible for the immune response (especialiy E2 and ntSL 

response wfl. stUI inciude a response against al, enveiop protiins stc^ the 
coding sequences for all envelop proteins is still present 

Likewise part of the present invention are infectious viral particles of a pestivirus that 
15 contain a repiicon according to the invention. Such particles can b in a 
vaccine for said Pestivirus. for example BVDV. '"corporated in a 

A method for the production of viral particles according to the invention is iikewise 

20 a. Proving ceiis that are pemilssive for a particular Pestivirus 'for example BVDV> 
and express a Pestiviral E1 and/or C protein P ^ 

b. Transfecting S a, d cells witn a rep|Icon acc ; b 

c. Cultunng transfected cells obtained in step b. 

d. Harvesting the viral particles from the cell culture. 

25 

Cells mat can be used In the production of the viral parades accoraing to the 
rrwenhon should at least be oapable of expressing the C protein Drot e,„ 
of a pesb^us. which may the peabvirae on which the rap'con la^ao TZT 

to case of BVDV, such cells are preferably of bovine origin, for example bovine 
krdney cells or diploid bovine esophageal cell line P»oovrne 
oe ^ * whloh *» "*« "Otrencea of a pestivirus such as BVDV can ba 
S^^T ? a ' d 061,8 " kn0W " 9,3 For — «» coding stances 

cells by way of an expression plasmld encoding said proteins or by way of a heloer 
virus. When the viral particles era Intended to be used In a vaccina the u» of 

40 ZT T u? Prefe,red ' to aVOiCl complloated P««-ta ■"»•■* due to 
40 the presence of a helpervlrus. Suitable expression plasmlds are known In the art 
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After transfection of repllcon RNA infectious viral particles are produced. The cells 
can be grown according to methods known in the art until the desired viral titer is 
obtained. Virus may be harvested from the supernatant of the ceil culture or from 
total cell lysates. 

5 

Methods used to transfect the cells and the various cloning procedures are known in 
the art (for example: Sambrock, J & Russel, D.W.Moiecular Cloning: A laboratory 
Manual (Cold Spring Harbor Press, New York. 2001). All permanent cell lines which 
are suitable for the replication of pestiviruses may be used, preferentially cells of 

1 0 bovine origin. Preferably cells are used that can be easily transfected with DNA. The 
coding sequences of the structural proteins of most of the pestiviruses contain cryptic 
splicing sites. Therefore, for most of the BVDV strains, a synthetic open reading 
frame (synORF) eliminating the splicing sites may be constructed to ensure 
expression with promoters using the nuclear pathway (e.g. HCMV promoter). 

1 5 However other expression systems (viruses, replicons from other viruses, pestivirus 
replicons with different deletions) may provide the deleted proteins for trans 
complementation. 

A vaccine containing infectious viral particles according to the invention together with 
20 a pharmaceutical^ acceptable carrier is likewise part of the present invention. 

BRIEF DESCRIPTION OF THE FIGURES: 
FIGURE 1. 

Schematic representation of the generated constructs. Filled boxes represent the 
25 BVDV structural region. Dotted lines show the deleted regions and numbers indicate 
the nucleotide position in the BVDV full-length RNA. Arrows indicate restriction 
enzyme sites flanking the deletions. Lines at the left and right ends indicate 
untranslated regions. autoprotease; C, capsid protein; E RNS , E1 and E2, 
envelope proteins; p7, nonstructural protein; N2 to NS5, nonstructural proteins, 3- 
30 UTR and 5MJTR, noncoding regions. The scale in kb is given. 

EXAMPLES 

Example 1: Construction and characterization of BVDV replicons. 

35 

After establishment of an Infectious clone for BVDV CP7, a variant of the construct 
with a deletion of a 27 nucleotide Insertion was generated that allowed recovery of 
ncp BVDV (Meyers et al., J.Virol., 70, 8606-8613, 1996). Based on this construct 
termed pA/BVDVAns-, replicons were constructed by deletion of sequences encoding 
40 C and E1 (Fig. 1) without introducing a frameshift within the BVDV ORF. Mutant 
BVDV clones shown in Fig. 1 were constructed on the basis of the full-length cDNA 
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5 Plasmid constructs 

The NCP7AC and NCP7AE1 plasmlds were constructed by a two step clonlno 

10 S aTdZT 1 "* TOP, ° F ' 091,3 (,nv "^- "-«*" enzyme 
digestion and cloning procedures were performed accoidino to standard n m .JT 

Plasmid DNAwas purBed by QIAGEN Ptasmld ^ * 

The Pnmaro used for PCR or sequencing (labeled with IRO 800) were custom 

amino acid position 498 to 683 (f£? ' 1 mC06ma ^ (NCPME '- 

20 ££2£~" C0, * me<, by PCR and «• — < <* t. reautang 

Polymerase chain reaction (PCR) and sequencing 

so S5^^«=^^£ 

//i Wiro-transcription and electroporation 

S^PT^T™ ""^ """" ^ - «- 
40 ft .^transcription of Unearned fulHength cDNA constructs and replloone was 
performed by T7 RIboMax™ Large Scale RNA Producdon System «ZZ) 
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according to the manufacturers instructions. The amount of RNA was estimated by 
ethidiumbromide staining after agarose gel electrophoresis. For transfectlons, 1 x 10 7 
PT, PT_805 or KOP-R cells were detached using a trypsins solution, washed with 
phosphate buffer saline without Ca^/Mg" (PBS*), mixed with 1 to 5 pg of in vitro- 
5 synthesized RNA and electroporated (two pulses at 850V, 25uF. 156Q) using an 
EasyjecTPIus (EquiBlo) transfection unit 

Characterization of the repllcons ^ 

For the detection of BVDV proteins, monoclonal antibodies (mab) WB210 (antl-E , 
10 CVL, Weybridge). WB215 (anti-E2, CVL, Weybridge), CA3 (an«-E2, Institute for 
Virology, TiHo Hannover), mab-mlx WB103/105 (anti-NS3. CVL. Weybridge), and 
C16 (anti-NS3, Institute for Virology, TiHo. Hannover) were used (Edwards et al., 
VetMlcrobiol., 29.101-108,1991; Edwards et al.. Arch.Virol., 102, 197-206, 1988; 
Peters et al.. VetMicrobiot., 12. 195-200. 1986). 

15 

Transient expression of NS3 could be detected from 24 h post transfection by IF for 
all repllcons. Additionally, also and E2-speclfic immunofluorescence was 

demonstrated. However, no Infectious recombinant BVDV could be recovered, even 
after serial passages and co-passages using highly susceptible KOP-R cells (Table 

20 2). The intensity of NS3-specific immunostainlng of NCP7AC and NCP7AE1- 
transfected PT cells was comparable to cells transfected with full-length NCP7 RNA 
and more than 85% of the cells were positive In IF (Table 2). Transfection of full- 
length NCP7 RNA Into PT cells resulted in virus titers of up to 10 3 IU/ml. As 
expected, electroporation of cells with RNA of the prototype replicon D19 (Behrens et 

25 al., J.vlrol., 72. 2364-2372, 1998) did not lead to recovery of infectious BVDV, but a 
strong immunofluorescence following NS3 staining was observed. RT-PCR of PT 
cells transfected with repllcons or full-length NCP7 demonstrated presence of BVDV- 
speciflc RNA of the expected size containing the correct deletions. In summary, 
deleted BVDV genomes, which were replication-competent but lacked the ability of 

30 generating virus progeny, were constructed and could efficiently be transfected into 
bovine cells. 
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Example 2: Establishment of C-E ms .E1 -E2 expressing cell*? 
Establishment of C-E RMa -E1-E2 expressing PT cells 

In order to do complementation studies with the BVDV replicons, a bovine cell line 
5 was established that constltutively expresses BVDV structural proteins. 

PT cells (RIE11 CCVL), a permanent bovine kidney cell line, was obtained from the 
collection of cell lines in veterinary medicine at the Federal Research Center of Virus 
diseases of Animals, Insel Rlems (CCLV). PT cells were chosen due to their 

1 0 applicability for DNA/RNA transfection and for generation of constitutively expressing 
cell lines. Ceils were grown in Dulbecco's minimal essential medium (DMEM) 
supplemented with 10% BVDV-free fetal bovine serum (FBS). 
The genomic region encoding the structural proteins (C-E^-EI-Ea) of BVDV strain 
PT810 (Wolfmeier et al., Arch.Vlrol., 142, 2049-2057, 1997) was cloned as a 

15 chemically synthesized synthetic open reading frame (Syn-ORF; kindly provided by 
Tobias Schlapp, Bayer AG, Leverkusen). It consisted of 2694 nucleotides extending 
from nucleotide 890 to 3584 of the nucleotide sequence of BVDV strain NADL 
(Collett et al., Virology, 165, 200-208, 1988) and was Inserted into the pcDNA3.1 
expression plasmid (Invitrogen) using restriction sites Kpnl and Notl. The nucleotide 

20 sequence of Syn-ORF had been changed to remove splice sites (Schmitt et al., 
J.Gen. Virol.. 80, 2839-2848, 1999). but retained the original amino acid sequence of 
BVDV strain PT810. Additionally, the first codon of Syn-ORF was changed to a 
methionin to allow expression of the polyprotein under the control of the HCMV 
immediate early promotor present in pcDNA3.l, and a stop codon was inserted 

25 behind the last codon. 

The resulting construct pCDNA_C-E2 (1 ug) was used to transfect PT cells with the 
SUPERFECT reagent (Qlagen). At 2 days after transfection, cell culture medium was 
changed to DMEM supplemented with 10% bovine serum and 1mg of G418 (Glbco, 
30 Life Technologies) per ml. G418-resistant colonies were isolated, and replated 
several times. 

After G418 selection and passaging, resistant cell clones were tested for BVDV E RNS 
and E2 expression using mabs WB210 and WB215. respectively. Positive ceils were 
cloned, passaged under G418 selection and tested again for E RNS and E2 

35 expression. In the IF analyses. G418-resistant cell clone PT_805 contained more 
than 90% E RNS and E2 expressing cells. During further passaging of PT.805 cells for 
6 months in the presence of G418, the portion of E RNS and E2 expressing cells 
remained stable. Immunoprecipitation experiments with E RNS - and E2-speclfic mabs 
showed a protein pattern Identical to that of BVDV infected PT cells, where 

40 gylocprotein E1 is co-precipitated with the E2-specific mab (data not shown). From 
these data and those obtained by nucleotide sequencing it was concluded that all 
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Recover and charactarteaUon of frans-complemantad recombinant BVDV 

crr C p^ 

**» suacapWe KOP-R ce„ s . KOP-R ceL S^Tl II^^" 9 

bovine esophagea. ce» Una. obtained fmm uT c^eln^LZ 8 < " Pl ° ,d 

At the day of collection, replication of BVDV was monitored by IF stalninc 
inocuMed onto KOP-R ea„s seeded ,„ £, VH ^ 

trenefa^ad PT 8^ fc ^ Supemalants of NCP7AC. NCP7AE1 and NCP7- 

«1 h,9her man — 
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Using IF of KOP-R cells Infected with NCP7AC_trans and NCP7AE1Jrans. 
expression of E™ 8 E2 and NS3 could be detected (Table 2). Expression pattern 
indicated that supematants of transfected PT_805 cells contained infectious virus 
that can infect and replicate in KOP-R cells. Titration experiments and subsequent IF 
5 staining demonstrated that no cell-to-cell spread occurred, and that neither 
NCP7AC_trans nor NCP7AE1_trans were able to form NS3-posltive plaques or 
secondary infections In these cells (Table 2). At higher dilutions, only single cells or 
small foci of cells were positive by iF-stainlng for NS3. Control experiments with 
BVDV NCP7 on KOP-R cells resulted in antigen positive virus plaques as 
10 demonstrated for E™ 8 , NS3 and E2. 

The infection of KOP-R cells with trans-complemented viruses could be blocked with 
BVDV-neutrallzing antisera (S-BVDJjos, S-BVD.E2) and no infectlvity was detected 
after inoculation of KOP-R cells (100% neutralization).. For neutralization of BVDV, 

15 100 pi of virus suspension (10* TOIDa/ml) was mixed in a 24-well plate with 50 pi of 
undiluted serum and incubated at 37*C. After 2h, KOP-R cells (2 x 10 4 ) were 
transferred to the mixture and incubated for 3 days at 37°C. Subsequently, the 
monolayer was stained for BVDV-NS3 by indirect Immunofluorescence (IF) 
(Grummer eta!., J.Gen.ViroI.. 82, 2597-2605, 2001). 

20 (S-BVD_pos) was a pooled anti-BVDV serum collected from cattle experimentally 
infected with BVDV strain PT810 (Beer et al., I.Vet.MicrobIol., 77, 195-208, 2000). 
The homologous neutralization titer of this serum was 1:4,096. For E2-speclflc 
neutralization, serum from sheep, immunized with an E2-expressing modified 
Vaccinia Virus Ankara (MVA) was used (S-BVD_E2; Beer et al.. unpublished data). 

25 In a control reaction, incubation with a BVDV antibody-free cattle serum (S- 
BVD_neg) did not result in virus neutralization (Table 3). 
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CLAIMS: 



1. A repllcon of a pestlvlrus which is incapable of expressing one or more 
structural proteins of the virus, characterized in that said repllcon expresses 
all structural proteins of a pestlvlrus except for a functional C and/or E1 
protein. 

2. A replicon according to daim 1 , characterized in that at least part of the 
coding sequence of the E1 or C protein has been deleted from said replicon 

3. A replicon according to claim 1 or 2, characterized in that said replicon does 
not encode a functional C protein. 

4. A replicon according to claim 1 or 2, characterized in that said replicon Is of 
the Bovine Viral Diarrhea Virus (BVDV). 

5. A replicon according to claim 4, characterized In that the coding region 
encoding amino acid positions 201-243 of the C protein have been deleted 

17 !! T rd,n9 10 ° ,aim 1 ° r * characteri ** h that said repllcon does 
not encode a functional E1 protein. 

7. A replicon according to claim 4, characterized in that the coding region 
encoding amino acid positions 498 to 653 of the E1 protein have been 
deleted. 

8. Infectious viral particle of Pestivirus. characterized in that ft contains a 
replicon according to any of claims 1-7. 

9. A method for the production of viral particles of a Pestivirus according to claim 
8, characterized in that said method comprises thefollowlng steps- 

Ela^C TIT am PermiSS,Ve ^ ** PeStMrUS " — SS 

t T ^ transcrib6d RNA * a rep,,con acco ^ 

c. Culturing transfected cells obtained in step b, 

d. Harvesting the viral particles from the cultured cells. 

10. A method according to daim 9, characterized in that said pestivirus is BVDV 

fh^p r^'" 9 10 dalm 10 ° r 11 ' chara <**** in that said cells express 
the E1 and/or C protein of BVDV. 

12. A vacdne containing infectious viral particles according to claim 8 and a 
pharmaceutical^ acceptable carrier. 
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ABSTRACT 

The present invention provides new Pestlviral RNA genomes (replicons) that are able 
to replicate, and can be packaged Into infectious viral particles in ceils that 
complement the missing protein(s), but do not produce infectious progeny virus. 
Such replicons can be useful for vaccine purposes. 

The replicons encode most, preferably all, envelop proteins of the virus, while, on the 
other hand, It would not be capable of producing infectious progeny virus. 
The present Invention provides a Pestlviral replicon, preferably from the Bovine Viral 
Diarrhea Virus (BVDV), which expresses ail structural proteins except for a functional 
C or E1 protein. Preferably at least part of the coding sequence of the El or C protein 
has been deleted from said replicon. 

The present inventors proved for the first time, that both C and E1 structural proteins 
are essential for the formation of infectious pestivlruses. Furthermore it was shown 
that deletion of C and E1 does not impact the ability of RNA self-replication. 
By using cell lines constitutively expressing pestivirai structural proteins, Capsid- or 
E1 -proteins can be efficiently trans-complemented. The resulting virions are able to 
infect bovine target cells and to transfer the replicons without generating replication- 
competent virus progeny. In other words, no Infectious progeny virus is produced. 
The complemented virions are indistinguishable from wild-type Pestivirus.ln virus 
neutralization experiments.. Recombinations yielding Infectious wild-type virus were 
not detected In any of the complementation experiments. 

The complemented viruses may be used for the safe and efficacious immunization 
against BVDV. 
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